Nile Tilapia (Oreochromis niloticus) is the second most important farmed fish in the world and a 26 sustainable source of protein for human consumption. Several genetic improvement programs have been 27 established for this species in the world and so far, they are mainly based on conventional selection using 28 genealogical and phenotypic information to estimate the genetic merit of breeders and make selection 29 decisions. Genome-wide information can be exploited to efficiently incorporate traits that are difficult to 30 measure in the breeding goal. Thus, SNPs are required to investigate phenotype-genotype associations 31 and determine the genomic basis of economically important traits. We performed de novo SNP discovery 32 in three different populations of farmed tilapias. A total of 29.9 million non-redundant SNPs were 33 identified through Illumina (HiSeq 2500) whole-genome resequencing of 326 individual samples. After 34 applying several filtering steps including removing SNP based on genotype and site quality, presence of 35
The study of phenotype-genotype association, identification of the genomic basis of economically 50 important traits and the implementation of genomic predictions in farmed fish require a considerable 51 number of highly informative single nucleotide polymorphisms (SNP) that preferably segregate in 52 multiple populations. Thus, the discovery and characterization of dense SNP panels will help to a better 53 understanding of complex traits architecture and genome biology in farmed fish (Yáñez et al. 2015) . From 54 an animal breeding perspective, the use of a high number of SNPs markers to support tilapia genetic 55 improvement programs has the potential to speed up genetic gains for traits which by their nature cannot 56 be directly recorded in selection candidates e.g. carcass quality and disease resistance traits (Yáñez and 57 Martinez 2010; Ødegård et al. 2014; Yáñez et al. 2014) . Dense SNP panels can also allow the 58 determination of genomic regions underlying selection and adaptation to different environmental 59 conditions during the domestication process in farmed fish populations (López et al. 2015) . 60 The discovery of SNP markers in aquaculture species of commercial interest has been widely 61 spread due the availability of high quality reference genomes as it is the case of Atlantic salmon (Salmo have also been used to test different approaches for the implementation of genomic predictions in Atlantic 72 4 salmon (Ødegård et al. 2014; Bangera et al. 2017; Correa et al. 2017; Sae-Lim et al. 2017 ) and rainbow 73 trout (Vallejo et al. 2016 (Vallejo et al. , 2017 (Vallejo et al. , 2018 Yoshida, et al. 2018a; Yoshida, et al. 2018b) .
74
Nile tilapia (Oreochromis niloticus) is among the most important fresh-water species farmed 75 worldwide. Several selective breeding programs have been stablished for this specie since 1990's, 76 allowing to genetically improve important commercial traits and expand tilapia farming across the globe.
77
To date, the most widespread improved tilapia strain is the Genetically Improved Farmed Tilapia (GIFT) 78 (Webster and Lim 2006) , being farmed in Latin America, Asia, and Africa (Gupta and Acosta 2004). It 79 has been shown that the response to selection for growth rate reached up to a 15% per generation after six 80 generations of selection (Ponzoni et al. 2011) , demonstrating the feasibility to improve this trait by means 81 of artificial selection. However, and despite the large number of genetic programs and the advantages of 82 Nile tilapia farming (e.g. fast growth and high adaptability), there are scarce studies on the application of 83 genomic technologies for mapping variants associated with desired traits and enhancing selection through 84 the use of genomic predictions in comparison with other aquaculture species. Consequently, up to date, 85 genetic improvement programs mainly rely on traditional pedigree-based breeding approaches, with only 86 one published report on the development of genome resources to enhance selective breeding in a single 87 Nile tilapia population (Joshi et al. 2018) .
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The objective of this study was to perform a large-scale de novo SNP discovery and using whole genome The principal aim of the present study was to discover and characterize highly informative SNP variants 97 in Nile tilapia farmed populations. Thus, we included animals from three different commercial breeding 98 populations established in Latin America, originated from admixed stocks imported from Asia. We used were carried out using VCFTools (Danecek et al. 2011) and Plink (Purcell et al. 2007 ). An initial common 147 quality control (QC) for the three populations was performed using VCF tools software. The genotypes 148 were filtered to remove indels and sequence alterations, markers with genotypes quality (GQ<0.15) and 149 minimum quality (minQ<40). Furtherly, specific QC filters for each population were applied discarding 150 SNPs with missing genotypes >0.60, minor allele frequency (MAF) <0.01, Hardy-Weinberg Equilibrium 151 (HWE) p-value < 1e-06, Illumina score <0.8 (Table 1 ). SNPs were also filtered based on Mendelian error passed the genotypes quality (GQ<0.15) and minimum quality (minQ<40) filters (Table 1) . After 185 discarding 1,596 SNPs from mitochondria, specific QC filters were applied for each population separately, were common between the three populations and 238,025 SNP variants were common between the two 191 9 high priority populations POP B and POP C. After applying THIN < 9 kb command in order to select SNP 192 as evenly distributed along the genome as possible only 16,275 SNP were common between the three 193 populations, which were used as the base. The gaps to have a mean of one SNP every 9 kb were filled 194 with additional 33,769 SNP common between POP B and POP C to reach a total of 50,044. Out of these 195 50,04 SNPs, 44 SNPs from short unplaced scaffolds were removed. respectively. Furthermore, these SNPs showed 76% and 87%, 89% and 93%, and 90% and 93% of MAF 216 > 0.05 and MAF > 0.01 for POP A, POP B and POP C, respectively ( Table 2 ). The distribution of MAF 217 values across SNPs ranged from 0.04 to 0.50 with mean MAF value of 0.24 ± 0.12 ( Figure 2) . The average 218 observed and estimated heterozygosity (HO and HE) was evaluated in each population (Table 2) indicate that the molecular markers identified in the present study would be useful for genetic studies 240 across populations, although the performance of this set of markers would slightly decrease when used in 241 POP A. This is most likely due to the genetic differentiation between populations associated with their 242 distinct origin (founder effect) and independent genetic selection by more than ten generations. The The latter is most likely due to ascertainment bias in SNP discovery and selection and it has to be taken whole-genome resequencing of 326 fish from three independent populations, which allowed us to have an 262 initial list of 29.9 million putative SNPs, which was almost a three times larger initial set when compared 263 12 against the previous study from Joshi et al. (2018) , in which 32 fish from a single population were whole-264 genome resequenced, generating 10.5 million putative SNPs for further filtering steps. More importantly, 265 the results presented here indicate that currently available Nile tilapia SNP panels can be considered more 266 as being highly complementary than redundant in terms of the variants represented. and disease resistance traits, through the application in genome-scale studies. Furthermore, it will allow 288 increasing the response to selection for these traits by means of genomic selection in breeding programs. 289 We believe that downstream applications of this important genomic platform will help to enhance Nile 290 tilapia production by making it more efficient and sustainable. 
